The co-presence of malignant pleural mesothelioma (MPM) and lung cancer is rare. We report a 70-year-old male with exposure to asbestos. Chest computed tomography revealed a right mediastinal mass combined with an enlarged ipsilateral lymph node and left pleural effusion. Transbronchial lung biopsy revealed lung adenocarcinoma. Thoracoscopic examination revealed multiple left pleural nodules, leading to the diagnosis of MPM. Despite aggressive anticancer drug therapy, he expired due to disease progression 2.5 years after diagnosis. Autopsy confirmed an epithelioid MPM in the left pleura. MPM comorbidity in patients diagnosed with lung cancer should be considered, especially in those exposed to asbestos.
Introduction
Malignant pleural mesothelioma (MPM) is a relatively rare tumor closely related to asbestos exposure. In contrast, in the past decades, lung cancer has become the leading cause of death due to cancer in males worldwide. (Fitzmaurice C et al. ahead of print). Asbestos exposure is recognized as a risk factor for the development of both MPM and lung cancer [1] [2] [3] . However, the co-presence of MPM and lung cancer is rare [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Herein, we report a rare case of simultaneous presence of lung adenocarcinoma and MPM.
Case report
During a regular check-up, a chest X-ray revealed left pleural effusion in a 70-year-old male with chronic obstructive pulmonary disease. The patient had a history of smoking (65 packs per year) and exposure to asbestos. Chest computed tomography (CT) revealed the presence of a right mediastinal mass combined with an enlarged ipsilateral lymph node and left pleural effusion (Fig. 1) . Positron emission tomography/ CT using 18 F-fluorodeoxyglucose (FDG) showed increased uptake in the right mediastinal mass (maximum standard uptake value: 7.31). However, it did not reveal thickening or increased uptake in the pleura. Fiberoptic bronchoscopy showed the presence of a submucosal tumor in the right main bronchus, and histopathological examination confirmed the type of the tumor as adenocarcinoma. The tumor cells were immunoreactive to adenocarcinoma markers, such as thyroid transcription factor-1 (TTF-1) and carcinoembryonic antigen (CEA). However, they were not immunoreactive to mesothelial markers, such as podoplanin (D2-40) and calretinin. Based on these findings, the patient was diagnosed with lung adenocarcinoma. Subsequently, a left thoracentesis was performed. The pleural fluid was bloody and showed high levels of hyaluronic acid (HA) (> 80,000 ng/mL), cytokeratin 19 fragment (CYFRA) (466.9 ng/mL), and tissue polypeptide antigen (TPA) (7636 U/L), and low levels of CEA (1.2 ng/mL). The smear of the pleural fluid showed atypical cells forming papillary arrangements with hyperchromasia, indicative of adenocarcinoma or mesothelioma. Considering these findings and the history of asbestos exposure, it was suspected that the left pleural effusion was caused by the presence of an MPM. Thoracoscopic examination revealed the presence of multiple white small nodules on the left precordial parietal pleura and left diaphragm, and a coral-shaped nodule on the diaphragm (Fig. 2) . Histopathologically, epithelioid atypical cells with anisokaryosis formed papillary arrangements. Furthermore, the tumor cells were immunoreactive to mesothelial markers (i.e., D2-40 and calretinin) and not immunoreactive to adenocarcinoma markers (i.e., TTF-1 and CEA). Based on these findings, the patient was also diagnosed with epithelioid mesothelioma. The definitive diagnosis for this patient was simultaneous lung adenocarcinoma (cT3N2M0, cStageШA) and MPM. However, examining the proliferation of cancer cells in the fibrous pleural tissue using specimens obtained through thoracoscopy was challenging. Hence, the possibility that these pleural lesions were reactive mesothelial hyperplasia rather than MPM could not be ruled out. Cisplatin (CDDP) and pemetrexed (PEM) were administered as first-line chemotherapy for six cycles, and PEM and bevacizumab (BEV) were administered as maintenance therapy. However, after 10 cycles of maintenance therapy, CT revealed right pleural effusion and enlargement of the right mediastinal lymph node. Docetaxel was administered as second-line chemotherapy. After two cycles of treatment, CT showed increased right pleural effusion. Pleurodesis was performed on the right side of the lung. Despite the administration of nivolumab as third-line chemotherapy for nine cycles, examination showed an increase in bilateral pleural effusion and further enlargement of the right mediastinal lymph node. Subsequently, carboplatin (CBDCA) and paclitaxel were administered as forth-line chemotherapy. After two cycles of treatment, an increase in left pleural effusion was detected. Pleurodesis was performed on the left side of the lung. The fifth line of chemotherapy consisted of CBDCA, PEM and BEV for one cycle, and PEM and BEV for five cycles (CBDCA was discontinued due to the occurrence of an adverse event [severe neutrophilia]). However, CT revealed an increase in right pleural effusion and findings indicative of lymphangitis carcinomatosa in the middle and lower lobes of the right lung. Subsequently, the administration of chemotherapy was discontinued. Eventually, the patient expired due to disease progression 2.5 years after diagnosis. An examination using CT prior to the patient's death showed right bronchial obstruction caused by the tumor, combined with enlargement of the mediastinal lymph node (Fig. 3) . However, it did not show thickening of the left pleura ( . These results confirmed the diagnosis of epithelioid MPM. On the other hand, a tumor adjacent to the right main bronchus was macroscopically detected. Immunohistopathologically, the tumor was a well-differentiated adenocarcinoma, positive for TTF-1 and negative for calretinin (Fig. 6 ). The patient was diagnosed with right lung adenocarcinoma and lymph node metastasis. Moreover, the lung cancer had metastasized to the epicardium, right diaphragm, liver, and jejunum. 
Discussion
In this report, we present a rare case of simultaneous presence of lung adenocarcinoma and MPM. This case report highlights two clinical suggestions. Firstly, the possibility of MPM comorbidity should be considered in patients with lung cancer and pleural effusion, especially in those with history of asbestos exposure. Secondly, the treatment strategy for patients with simultaneous presence of MPM and lung adenocarcinoma, should be decided based on which disease is more likely to determine the prognosis of patients.
Asbestos exposure is an established risk factor for the development of both MPM and lung cancer [1] [2] [3] . However, the co-presence of MPM and lung cancer is rare. To the best of our knowledge, only 26 such cases have been previously reported in the literature (Table 1) [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . A study investigating patients with malignant mesothelioma showed that the complication of lung cancer was detected in only 6 of 500 patients (1.2%) [3] . This low incidence of complications suggests that the pathogenesis of malignant mesothelioma caused by asbestos exposure differs from that of lung cancer [2, 3] .
In cases of malignant cell detection in pleural effusions, the origin of these malignant cells (e.g., MPM or organ tumors such as lung cancer) should be considered. The pleural fluid frequently shows high concentrations of HA in patients with MPM. Pettersson et al. reported that using a cut-off level of 100 mg/L, the concentration of HA in the pleural fluid showed sensitivity of 73% and specificity of 90% for MPM [18] . Moreover, CYFRA and TPA are useful as positive markers for MPM, whereas CEA is useful as a negative marker [19, 20] . In the present case, the patient had high levels of HA (> 80,000 ng/mL), CYFRA (466.9 ng/ mL) and TPA (7636 U/L), and normal CEA levels in the pleural fluid. Thus, we suspected that the pleural effusion was the result of the MPM rather than the lung cancer.
Attanoos et al. stated that extensive MPM may prevent the accurate clinicopathological recognition of concomitant thoracic neoplasms [3] . Therefore, performing cytological examination coupled with biomarker analysis of pleural effusion in patients with asbestos exposure is of crucial importance in reaching a definitive diagnosis of MPM.
The histopathological diagnosis of MPM is challenging because reactive mesothelial hyperplasia and pleural seeding of organ tumors (e.g., lung cancer) should be ruled out [21, 22] . In such cases, the use of immunohistochemical methods is required to overcome this difficulty in diagnosing MPM histopathologically. For example, in the differential diagnosis of MPM and lung adenocarcinoma, calretinin and D2-40 are useful as positive markers for MPM. In contrast, TTF-1 and CEA are useful as negative markers [1, 23] . However, the differential diagnosis of MPM and reactive mesothelial hyperplasia is challenging because these conditions cannot be differentiated through immunohistochemical methods and exhibit similar histological features. The proliferation of mesothelial cells in the fibrous pleural tissue most certainly favors malignancy [21] . Unfortunately, thoracoscopic examination under local anesthesia is characterized by limitations in terms of the size and depth of the obtained specimens. In the present case, it was difficult to examine the proliferation of mesothelial cells in the fibrous pleural tissue using specimens obtained through thoracoscopy. Hence, the antemortem diagnosis of MPM was not definitive. However, the autopsy confirmed the proliferation of mesothelial cells in the fibrous pleural tissue and a definitive diagnosis of MPM was reached.
Furthermore, in the present case, progression of MPM was not detected for 2.5 years after diagnosis. Among the aforementioned 26 cases with co-presence of MPM and lung cancer, survival data were available for nine patients [2, 4, 5, 8, 13, 15, 17] . Seven of those patients survived for < 1 year [2, 4, 5, 13, 15] , whereas only two patients (reported by Kishimoto et al. and Negi et al.) survived for > 1 year (23 months and 45 months, respectively) [8, 17] . However, in the case reported by Kishimoto, MPM was diagnosed 1 year after the diagnosis of lung cancer. Hence, the patient expired almost 1 year after the diagnosis of MPM. On the other hand, in a case reported by Negi et al., an initial lung cancer was diagnosed 12 months after the diagnosis of MPM and the patient was treated with chemoradiotherapy. Seven months later, a second lung cancer was diagnosed. Finally, the patient expired due to lung cancer 45 months after the diagnosis of MPM. Negi et al. stated that radiotherapy against lung cancer may have assisted in controlling the disease activity of the pre-existing mesothelioma. Moreover, in our case, the patient showed long-term survival and consequently, the lung adenocarcinoma determined his prognosis. When treating patients diagnosed with both MPM and lung adenocarcinoma, we should consider each prognosis of these two cancers. A possible reason for the absence of MPM progression is that MPM was diagnosed at an early stage. Furthermore, the possibility of mesothelioma in situ cannot be ruled out. Other possible reasons may be the relatively good prognosis of MPM in this patient and the good response to the administered chemotherapeutic regimens. Factors associated with a poor prognosis of MPM include the non-epithelial type, high white blood cell (WBC) count, low performance status (PS) and male gender [24, 25] . Moreover, high levels of 18 F-FDG uptake in mesothelioma cells have been associated with poor prognosis [26] . This patient had epithelioid MPM, normal WBC count, and normal 18 F-FDG uptake in the left pleura, suggesting favorable prognosis. With regards to the chemotherapeutic regimens, in the present case, CDDP and PEM -effective against both types of cancers -were administered at first-line chemotherapy [27, 28] . This was because the diagnosis of simultaneous MPM and lung adenocarcinoma had been reached prior to the initiation of treatment. Although drug regimens for the treatment of lung adenocarcinoma were mainly administered after first-line chemotherapy, MPM may have responded to the programmed cell death protein-1 (PD-1) inhibitor nivolumab. Studies have shown that programmed cell death ligand-1 (PD-L1) was significantly associated with reduced survival [29, 30] in MPM. Moreover, PD-L1 has been associated with reduced outcome in various other types of cancer such as non-small cell lung cancer [31] , esophageal cancer [32] , and renal carcinoma [33] . Recently, the possibility of using nivolumab for the treatment of MPM has been suggested. [34, 35] , the use of nivolumab may be indicated for the treatment of MPM. However, the role of PD-L1 expression in predicting response to a PD-1 inhibitor in malignant mesothelioma remains controversial. In this case, MPM confirmed at postmortem examination showed a PD-L1 Tumor Proportion Score < 1%. In summary, we presented a rare case of simultaneous presence of lung adenocarcinoma and MPM. In patients with lung cancer and pleural effusion, especially in those with history of asbestos exposure, possible comorbidity with MPM should be considered. Moreover, we should consider each prognosis of MPM and lung adenocarcinoma when treating patients with both malignancies. Reaching a definitive diagnosis in such cases is crucial for optimal patient management.
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